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(57) ABSTRACT 

A ?lter Weight estimation device (D), for an equaliser of a 
communication receiver, comprises i) a tap delay line con 
nected to N branches each comprising a descrambler (DS1 
DSN) and a despreader (DE1-DEN), for despreading 
received signals, corresponding to one or more available mul 
tiplexed channels associated With different channeliZation 
codes, With a reference code equal to the sum of all the 
channeliZation codes associated to the available multiplexed 
channels, an adaptive ?lter (AF) comprising N input ?lter 
taps respectively connected to the N branches and a regres 
sion input and arranged to estimate the sum of the symbols 
outputted by the despreaders (DE1-DEN) and associated to 
each available channel, said symbol sum constituting a 
pseudo-symbol estimate de?ning a reference symbol esti 
mate (rs), and to implement a mechanism of a LMS type to 
deliver a chosen number of ?lter Weights (?), iE) a quantiser 
(SM) arranged to quantise the reference symbol estimate (rs) 
to estimate a desired reference symbol (d), and iv) an error 
computation module (AM) for subtracting the reference sym 
bol estimate (rs) from the desired reference symbol (d) to 
output an error signal (e) feeding the regression input. 

8 Claims, 3 Drawing Sheets 
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FILTER WEIGHT ESTIMATION DEVICE 
WITH UPDATE AT HSDSCH SYMBOL RATE, 

FORA SYMBOL LEVEL EQUALISER 

FIELD OF THE INVENTION 

The present invention relates to doWnlink transmissions in 
Wireless CDMA networks implementing HSDPA (High 
Speed DoWnlink Packet Accessirelease 5 of UMTS stan 
dardispeci?cation HSDPA 3G TR 25.212 of the 3GPP), or 
the like, for very high data rates. 

It is recalled that a doWnlink transmission relates to a 
transmission from a mobile netWork (for instance a base 
station such as a Node B) toWards a user mobile station (or 
user equipment), While an uplink transmission relates to a 
transmission from a user mobile station toWards a mobile 
network. 

BACKGROUND OF THE INVENTION 

As it is knoWn by a person skilled in the art, in UMTS FDD 
system (“Frequency Division Duplex”) (and other similar and 
equivalent systems) doWnlink signals intended for user 
mobile stations are processed before being transmitted in a 
multiplexed manner. This process consists in independently 
spreading the different user symbols (associated to different 
HSDSCH channels) at possibly different rates With their 
respective orthogonal short (channeliZation or spreading) 
codes, then adding the resultant streams at chip level and 
?nally scrambling the sum chip sequence by a cell-speci?c 
long (scrambling) code prior to synchronous transmission. 
For instance, in DS-CDMA systems Where multi-rate is con 
sidered for providing various levels of Quality of Service 
(QoS), one uses Orthogonal Variable Spreading Factor 
(OVSF) codes With factors ranging from 4 to 512 in poWers of 
2 as orthogonal short spreading codes for spreading the user 
symbols. 

It is recalled that in the UMTS standard four QoS classes 
are de?ned With differing delay and ordering needs: conver 
sational (loW delay and strict orderingifor instance voice 
data), streaming (modest delay and strict ordering for 
instance video data, interactive (modest delay and modest 
orderingifor instance Web broWsing data) and background 
(no delay guarantee and no orderingifor instance bulk data 
transfer). 
HSDPA has been proposed to increase the doWnlink data 

throughput by using fast physical layer retransmission and 
transmission combining and link adaptation controlled by 
each base station (Node B). 

In HSDPA tWo of the main features of W-CDMA (Wire 
less-CDMA) are disabled: the variable spreading factor and 
the fast poWer control. They are replaced by adaptive coding 
rate, adaptive modulation and extensive multi-code opera 
tions. The spreading factor is ?xed to 16, and a user mobile 
station can use up to 15 (channeliZation or spreading) codes 
simultaneously, Which enables a large dynamic range of 
HSDPA link adaptation and maintains a good spectral e?i 
ciency. The scheduling process is done in the Node Bs so that 
they had the possibility to allocate all the capacity to one user, 
if necessary and if the channel conditions make this strategy 
e?icient. 
HSDPA offers four main properties: allocation of multiple 

access codes for HSDPA service, fast scheduling of allocated 
codes, link adaptation and hybrid automatic repeat request 
(HARQ). To support these properties, tWo additional types of 
channels have been introduced. In the doWnlink, one or more 
high-speed shared control channels (HS-SCCHs) broadcast 
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2 
HSDPA channel assigned identities, transport format and 
HARQ process identi?er. In the uplink, the high-speed dedi 
cated physical control channel (HS-DPCCH) carries the sta 
tus reports for HARQ and the channel quality indicators 
(CQIs). 

In CDMA doWnlink transmission, although the transmit 
ted user signals at the base station side are orthogonal, they 
are no more orthogonal at the mobile station front-end due to 
the multipath effect of the propagation channel betWeen the 
transmitter and the receiver. This loss of orthogonality con 
sequently causes inter-code interference (also knoWn as 
multi-user interference (MUI) or multi-access interference 
(MAI)), inter-chip interference and inter-symbol interference 
in the symbol estimates performed by the communication 
receivers of the user mobile stations. Communication receiv 
ers that are Within an optimal or close-to-optimal category, 
i.e. multi-user detectors (MUDs) and interference cancellers 
(ICs), most of the time require the knoWledge about the signal 
and the channel parameters of all active users so as to mitigate 
the multipath effect and to detect the desired data stream in 
the most reliable Way. 
HoWever the possibility to implement MUDs or ICs in 

mobile stations is limited due to their high complexity and 
due to the fact that the transmissionparameters of all the users 
are usually unknoWn. A very practical and highly utilised 
suboptimal solution consists in using a conventional Rake 
Receiver that performs a matched ?lter operation on the code 
of the desired user, in Which the multi-user interference is 
considered as an additional White noise. HoWever, When a 
small number of spreading codes is used to achieve high data 
rates (as it is the case in HSDPA), the performance of the Rake 
receiver decreases due to the fact that the multipath interfer 
ence becomes signi?cant and the correlation characteristics 
of the spreading sequences are destroyed. 

For this reason it has been proposed to use an equaliser in 
a HSDPA communication receiver in order to restore the 
orthogonality betWeen the user codes and to limit the inter 
ference, and therefore achieving very high data rates. 

It is recalled that an equaliser is a linear ?lter used for 
equaliZing a channel, Which is common for the signals (sym 
bols) of all the users located in a same cell, With a delay of a 
chosen number of chips, in order to maximise the signal to 
interference plus noise ratio (SINR). This linear ?lter is gen 
erally of the LMMSE type. It comprises ?rst and second 
stages. The ?rst stage is provided for determining the ?lter 
Weights of the linear ?lter, While the second stage is provided 
for data ?ltering by means of the ?lter Weights. 

Several types of equaliser for HSDPA have been proposed. 
They provide remarkable gains in performance. In particular 
they propose the usage of adaptive algorithms Which approxi 
mate the chip level linear minimum mean-squared error 
(LMMSE) receiver expression derived in the folloWing tWo 
articles: 
M. Lenardi, D. T. M. Slock “SINR maximiZing equaliser 

receiver for DS-CDMA”, EUSIPCO 2000, 10th European 
association for signal processing conference, 4-9 Sep. 
2000iTampereiFinland, 

M. Lenardi, D. T. M. Slock “A RAKE structured SINR maxi 
miZing mobile receiver for the WCDMA doWnlink”, Asi 
lomar 2001, 35th IEEE Annual Asilomar Conference on 
Signals, Systems and Computers, 4-7 Nov. 2001iPaci?c 
Grove, USA. 
In general the adaptive equalisers are either symbol level 

solutions updated at the primary common pilot channel 
(PCPICH) symbol rate or chip level solutions updated at chip 
rate (i.e. the ?lter adaptation operation at chip rate and chip 
level). 
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Pilot-aided equaliser design for CDMA systems is not as 
trivial as it is for TDMA systems like GSM. In TDMA sys 
tems the common pilot signal is time-multiplexed With the 
payload data. Therefore it is not interfered by any user data 
but only by additive White Gaussian noise (AWGN). In 
CDMA systems such as the UMTS FDD doWnlink, the pilot 
data (PCPICH) is code-multiplexed With all the other existing 
users and control channels. Therefore, since PCPICH chip 
poWer is only 10% of the base station transmitted chip poWer, 
a high level of interference impacts it and it cannot be used 
e?iciently for training equaliser Weights at chip rate. 

Instead, in the article: 
of C. D. Frank, E. Visotsky and U. MadhoW “Adaptive Inter 
ference Suppression for the DoWnlink of a Direct Sequence 
CDMA System With Long Spreading Sequences”, Journal of 
VLSI Signal Processing, vol. 30, no. 1, pp. 273-291, March 
2002, one despreads the received signal With the pilot chan 
neliZation code, and then suppresses most of the interference 
over the PCPICH signal. 

In this method, in order to determine the N ?lter Weights, 
the ?rst stage comprises a tap delay line connected to N 
branches each comprising a descrambler and a despreader 
(for despreading the received signals With a PCPICH chan 
neliZation code Cch’256,O (i.e. the pilot signal)), a linear ?lter 
comprising N input ?lter taps respectively connected to the N 
branches and a regression input and arranged to output a 
PCPICH symbol estimate, and an adaptation module for sub 
tracting the PCPICH symbol estimate from a desired symbol 
(i.e. the correct (and known) PCPICH symbol) to output an 
error signal feeding the regression input. Although this is a 
quite effective method against interference, due to the long 
despreading operation, adaptation is considered only once 
every 256 chips, Which correspond to one PCPICH period. 
This drives the technique to be sloW in tracking the time 
varying channels. 

It is recalled that in HSDPA the doWnlink received signals 
correspond generally to multiplexed HSDSCH channels 
(“High-Speed DoWnlink Shared Channels”) associated With 
different 16 chips long channeliZation codes. HoWever none 
of the state of the art equalisers has been designed in order to 
exploit the characteristics, properties and features of HSDPA. 
So, they are not really optimised for HSDPA. 

SUMMARY OF THE INVENTION 

So, the object of this invention is to provide a ?lter Weight 
estimation device for a symbol level adaptive equaliser for 
?ltering operation at chip rate and chip level, Which, contrary 
to the prior art, updates at HSDSCH symbol rate, Which is a 
16 times higher rate and Which is fully suitable to the HSDPA 
characteristics, properties and features. 

For this purpose, it provides a ?lter Weight estimation 
device, for a (symbol level) equaliser of a communication 
receiver (of a HSDPA type or the like), comprising: 

a tap delay line to delay received signals, 
N branches each connected to said tap delay line and com 

prising a descrambler and a despreader, for despreading 
the received delayed signals (corresponding to one or 
more available multiplexed channels associated With 
different channeliZation codes) With a reference code in 
order to output a symbol (at N chip spaced delayed 
instants Which Will be combined by the Weights of the 
folloWing adaptive ?lter), 

an adaptive ?lter comprising N input ?lter taps respectively 
connected to the N branches and a regression input (con 
taining the N despreader output symbols) and arranged 
to output a reference symbol estimate, 
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4 
an error computation module for subtracting the reference 

symbol estimate from a desired reference symbol to 
output an error signal feeding the regression input. 

This ?lter Weight estimation device is characterised in that: 
each of its despreaders is arranged to despread the delayed 

received signals With a reference code equal to the sum 
of all the channeliZation codes associated to the avail 
able multiplexed channels, 

its adaptive ?lter is arranged to estimate the sum of the 
symbols output by the despreaders and associated to 
each available channel, this symbol sum constituting a 
pseudo-symbol estimate de?ning the reference symbol 
estimate, and arranged to implement a mechanism of a 
(N)LMS type to deliver a chosen number of ?lter 
Weights, and 

it further comprises a (multilevel) quantiser (detector or 
slicer) arranged to quantise the reference symbol esti 
mate in order to estimate the desired reference symbol. 

This ?lter Weight estimation device may be arranged to 
process received signals corresponding to available multi 
plexed channels of the HSDSCH type and each associated to 
a 16 chips long channeliZation code. 

Moreover, the adaptive ?lter may be of the least mean 
square (LMS) type or the normalised least mean square 
(NLMS) type, in order to realise a linear minimum mean 
squared error (LMMSE) ?lter. 

Moreover, the quantiser may be arranged to make maxi 
mum a posteriori decision on the adaptive ?lter output 
(pseudo-symbol estimate), based on a priori probabilities, in 
order to estimate the reference symbol estimate Which is used 
to train the adaptive ?lter. 

The invention also provides a symbol level equaliser com 
prising a ?lter Weight estimation device such as the one above 
introduced and a data ?ltering stage comprising a linear ?lter 
Which is provided With ?lter Weights by the ?lter Weight 
estimation device, is fed With the received signals, and is 
arranged to equalise these received signals With a delay equal 
to a chosen number of chips in order to output a total chip 
sequence estimate. 

Moreover, the data ?ltering stage may comprise i) the 
linear ?lter Which is fed With the received signals and outputs 
the total chip sequence estimate, ii) a descrambler provided 
for descrambling the total chip sequence estimate With a 
chosen scrambling code in order to output a descrambled total 
chip sequence estimate, and iii) at least one despreader 
arranged for despreading the descrambled total chip sequence 
estimate With a channeliZation code associated to a user chan 
nel in order to output user symbols. 
The invention also provides a communication receiver (of 

a HSDPA type or the like) comprising an equaliser such as the 
one above introduced. 
The invention also provides a communication equipment 

comprising a communication receiver such as the one above 
introduced. Such a communication equipment may be a 
mobile telephone, for instance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other features and advantages of the invention Will become 
apparent on examining the detailed speci?cations hereafter 
and the appended draWings, Wherein: 

FIG. 1 schematically illustrates an example of communi 
cation receiver comprising a symbol level adaptive equaliser 
according to the invention, 

FIG. 2 schematically illustrates an example of embodiment 
of a ?lter Weight estimation device according to the invention, 
for a symbol level equaliser, 



US 8,194,726 B2 
5 

FIG. 3 is a partial example of an OVSF code tree used in an 
UMTS FDD doWnlink, 

FIG. 4 schematically illustrates an example of the possible 
values of the real or the imaginary part of the desired refer 
ence symbol (d) resulting from the sum of the QPSK symbols 
at the output of the adaptive ?lter (AF) as a consequence of the 
despreading operation With the sum of ?ve HSDPA channel 
iZation codes, and 

FIG. 5 schematically illustrates an example of MAP deci 
sion boundaries for real and imaginary parts of a pseudo 
symbol constellation; the thin vertical lines denote the mid 
points While the thick vertical lines denote the boundaries. 

The appended draWings may not only serve to complete the 
invention, but also to contribute to its de?nition, When 
needed. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Reference is initially made to FIGS. 1 and 2 to describe a 
communication receiver RR comprising an example of ?lter 
Weight estimation device D according to the invention. 

In the folloWing description it Will be considered that the 
communication receiver RR is intended for a communication 
equipment such as a mobile telephone adapted to radio com 
munication in an UMTS FDD network implementing 
HSDPA (High Speed DoWnlink Packet Accessirelease 5 of 
UMTS standardispeci?cation HSDPA 3G TR 25.212 of the 
3GPP). But it is important to notice that the invention is 
neither limited to this type of communication equipment nor 
to this type of communication network. Indeed, it applies to 
any Wireless CDMA netWorks Which assign multiple codes to 
a user. 

The mobile telephone is arranged to transmit (uplink) and 
receive (doWnlink) data packets to and from a base station 
(Node B) of the UMTS netWork. The invention only concerns 
the processing of signals transmitted through high speed 
doWnlink shared channels. HoWever it is also applicable to 
any orthogonal CDMA system, Which assigns multiple codes 
to a user. 

As schematically illustrated in FIG. 1, a HSDPA commu 
nication receiver RR according to the invention comprises 
notably an antenna AN, for receiving doWnlink signals trans 
mitted by a base station, such as a Node B in case of a UMTS 
netWork, and a symbol level equaliser ER arranged to trans 
form said received signals into user symbols. 

It is recalled that in UMTS FDD doWnlink a transmitted 
doWnlink signal results from a processing by a base station of 
groups of symbols respectively intended for different users. 
This process is brie?y described hereafter. 

First, the different groups of user symbols are indepen 
dently spread at possibly different rates With their respective 
orthogonal short (channeliZation or spreading) codes. 
When these codes are HSDPA codes, they may be of the 

OVSF (“Orthogonal Variable Spreading Factor”) type, for 
instance. Other codes might have lengths ranging from 4 to 
5 l 2. 
A partial example of OVSF code tree is illustrated in FIG. 

3. In this example reference SF designate the spreading factor. 
The spreading factors of different users may be identical or 
different. It is recalled that When tWo users A and B are 
respectively associated to spreading factors (SF) equal to 16 
and 128, then one (1) symbol of userA needs 16 chips While 
one (1) symbol of user B needs 128 chips. Therefore during 
128 chips, the user B can only send one symbol While the user 
A can send 8 symbols (higher transmission rate). 
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6 
When the spreading is ?nished the different groups of 

spread symbols are added (i.e. multiplexed) and the resultant, 
Which constitutes a sum chip sequence, streams at chip level. 
Then the sum chip sequence is scrambled by a long scram 
bling code, Which is speci?c to the cell in Which the users 
(addressees of the signals to transmit) are located. Finally the 
signal resulting from the scrambling is synchronously trans 
mitted by the base station to the user equipments. 
When a user equipment receives such signals, its commu 

nication receiver RR transmit them to its equaliser ER. 
As illustrated in FIG. 1, an equaliser ER according to the 

invention comprises ?rst D and second DFS stages. The ?rst 
stage is a ?lter Weight estimation device D, Which contains a 
symbol level adaptive ?lter AF, implementing a mechanism 
(or algorithm) such as the least mean square (LMS) algorithm 
or its normalised form NLMS, and is dedicated to computa 
tion (or estimation) of ?lter Weights ? (iIl to N) intended for 
the second stage DFS. The second stage DFS is a data ?ltering 
stage, Which Will be described later. 
As illustrated in FIG. 2, a ?lter Weight estimation device D, 

according to the invention, comprises a tap delay line (DMi, 
With i:2 to N; DM2-DMN), N branches (DEi and DSi, With 
iIl to N), an adaptive ?lterAF, a multilevel quantiser SM (for 
instance a slicer or a detector), and an error computation 
module AM. 

The tap delay line receives the signals yZ to process and 
comprises N-l sub-modules DM2-DMN intended for intro 
ducing different chosen delays to the received signals before 
they reach the N branches. The ?rst (upper) branch is fed With 
non delayed signals. 
The number N of branches is equal to the number of input 

?lter taps of the adaptive ?lter AF. Each branch comprises a 
descrambler DSi and a despreader DEi. 
Each descrambler DSi is arranged to descramble the sig 

nals it receives from the tap delay line With the long scram 
bling code S* that has been previously used into the base 
station and is speci?c to the cell in Which their user equipment 
is located. So, each descrambler DSi outputs descrambled 
signals. 
Each despreader DEi is arranged to despread the 

descrambled signals it receives from the descrambler DSi to 
Which it is connected to. This despreading is carried out With 
a reference code Which is equal to the vector sum of all the 
short channeliZation (or spreading) codes (1 up to 15 ele 
ments) that have been used into the base station to spread the 
different groups of user symbols associated to different HSD 
SCH channels. So the result of the sum depends on the num 
ber of available HSDSCH channels that have been multi 
plexed into the base station, and of course of the respective 
values of the channeliZation codes used for spreading the 
groups of user symbols of these available HSDSCH channels. 

Each despreader DEi outputs a symbol, Which feeds the 
corresponding input ?lter tap of the adaptive ?lter AF. Each 
outputted symbol is representative of a sum since the 
despreading code that has been used to get it is the sum of all 
the short channeliZation codes that have been used. 
The adaptive ?lter AF comprises N input ?lter taps respec 

tively connected to the N branches (and more precisely to the 
output of the despreaders DEi) and a regression input fed With 
an error signal e outputted by the error computation module 
AM. 
The input ?lter taps of the adaptive ?lter AF receiving 

respectively the symbols outputted by the despreaders DEi, 
and each representative of a sum, it therefore outputs an 
estimate of the sum of all the symbols. This sum estimate is 
named pseudo-symbol estimate and de?nes a reference sym 
bol estimate rs. 
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As mentioned before the adaptive ?lter AF implements an 
algorithm of the (N)LMS type to determine the ?lter Weights 
? by means of the error signal e received onto its regression 
input. It is recalled that the LMS algorithm Works as folloWs: 

Where: 
W 1 is a NXl adaptive ?lter Weight vector at HSDPA symbol 

instant 1, 
ul is a l><N adaptive ?lter input regression vector at 
HSDPA symbol instant I (this vector corresponds to the 
N despreader outputs), 

and the reference symbol estimate rs (adaptive ?lter out 
put) is given by I‘S:l.1ZWZ. 

The multilevel quantiser SM receives the reference symbol 
estimate rs from the adaptive ?lter AF. It is arranged to carry 
out a maximum a posteriori (MAP) decision (or multilevel 
quantization) on the reference symbol estimate rs in order to 
output a desired reference symbol d. This MAP decision is 
Well knoWn by the person skilled in the art and is brie?y 
presented beloW. 
A schematic example of the desired reference symbol d 

outputted by the quantiser SM is illustrated in FIG. 4. In this 
example, the values —5, —3, —l, l, 3, 5 in both directions 
represent the different values of the real and imaginary parts 
of the sum of ?ve symbols, taking into account the fact that 
the values of the real and imaginary parts of one symbol can 
be equal to +1 or —1 in case Where the modulation is QPSK. 
This set ofvalues (—5, —3, — l, 1,3, 5) is named a constellation 
of points by the man skilled in the art. 

The points of such a constellation have different (a priori) 
probabilities, Which can be used by the quantiser SM during 
the desired reference symbol estimation. 

If one considers the example of point constellation men 
tioned above, it is possible to Write 25:32 binary sequences 
With 5 symbols. NoW, if one sums up the symbols of each 
con?guration one ends up 1, 5, l0, l0, 5, 1 times respectively 
With values —5, —3, —l, l, 3, 5. One can deduce from this that 
value 3 is 5 times more probable than value 5 (5/32 versus 1/32), 
or value —1 is 2 times more probable than value —3 (10/32 
versus 5/32), for instance. 

So if the adaptive ?lter AF outputs a value rs equal to 4, 
Which is betWeen the tWo points 3 and 5 ofthe set (—5, —3, —l, 
l, 3, 5), respectively associated to a priori probabilities 5/32 
and 1/32, then if one exploit these a priori probabilities one 
gives much more chance to a value equal to 3 than a value 
equal to 5. So the MAP decision boundary betWeen values 3 
and 5 should be closer to 5 than 3, as illustrated in FIG. 5. In 
the example illustrated in FIG. 5, the thin vertical lines denote 
the midpoints While the thick vertical lines denote the bound 
anes. 

The quantiser SM can use this kind of MAP decision 
boundaries, based on a priori probabilities, to estimate the 
symbol values. 
The error computation module AM receives the reference 

symbol estimate rs from the adaptive ?lter AF and the desired 
reference symbol d from the quantiser SM and is arranged to 
subtract the reference symbol estimate rs from the desired 
reference symbol dto output the error signal e (e:d—rs) Which 
feeds the regression input of the adaptive ?lter AF. 
As mentioned above, the data ?ltering stage DFS inter 

venes When the adaptive ?lter AP has determined (or esti 
mated) N ?lter Weights. It is arranged to equalise the signals 
yZ received by its HSDPA communication receiver RR before 
descrambling and despreading them. 
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8 
For this purpose and as illustrated in FIG. 1, the data 

?ltering stage DFS preferably comprises a linear ?lter LP, a 
descrambler DS', and at least one despreader DE'j (jIl to M). 
The linear ?lter LP is arranged to equalise the signals yZ 

received by its level symbol equaliser ER With a delay ld equal 
to a chosen number of chips in order to increase the signal to 
noise ratio (SNR). For this purpose, it comprises N Weighted 
?lter modules Which respectively use the N Weight ?lters ? 
determined by the ?lter Weight estimation device D and 
jointly output a total chip sequence estimate b(l—ld) represen 
tative of a received signal. This linear ?lter is a Well-knoWn 
chip rate FIR ?lter Which uses the ?lter Weights ? obtained by 
the adaptive ?lter AF When it ?lters the received chip 
sequence. 
The descrambler DS' is fed With each total chip sequence 

estimate b(l—ld) outputted by the linear ?lter LF. It is arranged 
to descramble each total chip sequence estimate b(l—ld) With 
the long scrambling code S*(l—ld) that has been previously 
used into the base station and is speci?c to the cell in Which its 
user equipment is located. So, it outputs a descrambled total 
chip sequence estimate. 

In case Where the user equipment is a mobile telephone, the 
data ?ltering stage DFS only comprises one despreader DE'1. 
A user equipment needs several parallel despreaders DE'j 
(jIl to M) When it has to determine symbols for several (M) 
codes assigned to it. So each despreader DE'j is associated to 
a user HSDSCH channel and therefore uses the channeliZa 
tion code Which corresponds to this user HSDSCH channel 
(and previously used into the base station to spread its user 
symbols) to despread the descrambled total chip sequence 
estimate it receives in order to output user symbols aj (11). 

Another architecture of data ?ltering stage DFS, similar to 
the one of the ?lter Weight estimation device may be envis 
aged. In this other architecture the received signal is ?rst 
descrambled, then despread, and ?nally equalised by a linear 
?lter. HoWever the architecture illustrated in FIG. 1 is pref 
erable When the equaliser ER must detect more than one 
group of symbols spread With different channeliZation codes, 
because it alloWs to share the same linear ?lter for all the 
channeliZation codes. 
The symbol level equaliser ER may be an integrated circuit 

realised in CMOS technology or in any technology used in 
chip industry fabrication or in programmable processor, vec 
tor processor or DSP devices. 
The invention offers several advantages, and notably: 
since one uses all the HSDPA channeliZation codes, the 

desired response energy is much higher for adapting the 
equaliser, because the pseudo-symbol at the adaptive 
?lter output is correlated With more signal component in 
the received signal, 

since one uses a short channeliZation (or spreading) code 
(16 chips long) as reference code into the despreaders, 
the adaptive ?lter can be adapted every 16 chips While in 
a state of the art equaliser it is adapted every 256 chips 
because the pilot reference code is 256 chips long, 

since there is expanded sets of values (or points) in the 
constellations, one can use a MAP estimator to better 
detect the estimated pseudo-symbol Which de?nes the 
reference symbol estimate. Indeed it is possible to use a 
priori probabilities of different constellation points, 

the error on a symbol estimate is notably reduced. Indeed, 
in a QPSK constellation if an error is done in one dimen 
sion (real or imaginary) With one HSDPA symbol, for 
instance one detects a symbol value equal to l-j instead 
of a correct symbol value equal to 1+j, then the gradient 
vector in the LMS adaptation goes in a 90° Wrong direc 
tion, While With an expanded constellation based, for 
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example, on 5 channeliZation codes, if one detects a 
symbol value equal to 3+5j instead of a correct symbol 
value equal to 5+5j, the gradient vector goes in a 140 
Wrong direction. 

The invention is not limited to the embodiments of ?lter 
Weight estimation device, symbol level equaliser, HSDPA 
communication receiver, and communication equipment 
described above, only as examples, but it encompasses all 
alternative embodiments Which may be considered by one 
skilled in the art Within the scope of the claims hereafter. 

In the present speci?cation and claims the Word “a” or “an” 
preceding an element does not exclude the presence of a 
plurality of such elements. Further, the Word “comprising” 
does not exclude the presence of other elements or steps than 
those listed. 

The inclusion of reference signs in parentheses in the 
claims is intended to aid understanding and is not intended to 
be limiting. 

The invention claimed is: 
1. A ?lter Weight estimation device for an equalizer of a 

communication receiver, comprising: 
a tap delay line connected to N branches each comprising 

a descrambler and a despreader, for despreading 
received signals, corresponding to at least one available 
multiplexed channel associated With a channeliZation 
code, With a reference code to output a symbol, Where N 
is an integer; 

an adaptive ?lter comprising N input ?lter taps respectively 
connected to said N branches and a regression input and 
arranged to output a reference symbol estimate; and 

an error computation module for subtracting said reference 
symbol estimate from a desired reference symbol to 
output an error signal that is fed to said regression input, 

Wherein each despreader is arranged to despread the 
received signals With said reference code equal to a 
vector sum of all the channeliZation codes that have been 
used into a base station to spread different groups of user 
symbols associated to the different multiplexed chan 
nels, 

Wherein said adaptive ?lter is arranged to estimate a sym 
bol sum by said despreaders and associated to each 
available multiplexed channel, and arranged to imple 
ment a mechanism of a least mean square type to deliver 
a chosen number of ?lter Weights, 
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Wherein said symbol sum constitutes a pseudo-symbol 

estimate de?ning said reference symbol estimate, and 
Wherein said adaptive ?lter further comprises a multilevel 

quantiZer arranged to quantiZe said reference symbol 
estimate in order to estimate said desired reference sym 
bol. 

2. The ?lter Weight estimation device according to claim 1, 
Wherein said ?lter Weight estimation device is arranged to 
process said received signals corresponding to the available 
multiplexed channels of a HSDSCH type and each associated 
to a 16 chips long channeliZation code. 

3. The ?lter Weight estimation device according to claim 1, 
Wherein said adaptive ?lter is of a type chosen in a group 
comprising at least a least mean square type and a normaliZed 
least mean square type, in order to realiZe a linear minimum 
mean-squared error ?lter. 

4. The ?lter Weight estimation device according to claim 1, 
Wherein said multilevel quantiZer is arranged to make maxi 
mum a posteriori decision, based on a priori probabilities, in 
order to estimate said reference symbol estimate. 

5. The equaliZer of claim 1, Wherein said equaliZer com 
prising said ?lter Weight estimation device; and a data ?lter 
ing stage comprising a linear ?lter provided With the ?lter 
Weights by said ?lter Weight estimation device, fed With said 
received signals and arranged to equaliZe said received sig 
nals With a delay equal to a chosen number of chips in order 
to output a total chip sequence estimate. 

6. The equaliZer according to claim 5, Wherein said data 
?ltering stage comprises said linear ?lter fed With said 
received signals and arranged to output said total chip 
sequence estimate, a descrambler arranged for descrambling 
said total chip sequence estimate With a chosen scrambling 
code to output a descrambled total chip sequence estimate, 
and at least one despreader arranged for despreading said 
descrambled total chip sequence estimate With the corre 
sponding channeliZation code associated to a user channel in 
order to output user symbols. 

7. A communication equipment comprising the communi 
cation receiver according to claim 1. 

8. The communication equipment according to claim 7, 
Wherein said communication equipment constitutes a mobile 
telephone. 


